INTRODUCTION
Methyl bromide (MB) has been widely used as a fumigant in plant quarantine and agriculture, because of its strong insecticidal effects.1) According to clinical reports2-8) of the poisoning, MB impairs functions of the central nervous system (CNS) and several other organs including the lung, the liver and the kidney. Among various neurological signs and symptoms in patients with MB poisoning, are abnormal EEG activities and sleep disturbances. [3] [4] [5] [6] [7] [8] Recent studies with experimental animals have shown that MB induces changes in spontaneous locomotor activity,9-11) conditioned taste aversion,12) brain levels of monoamines, acetylcholine and free amino acids,13,14) and haematological and hepatological changes. 15, 16) The present study was designed to clarify the acute effects of MB on EEG activities, sleep-wakefulness and its circadian rhythms in rats with indwelling electrodes for EEG, EMG and EOG recordings.
We also examined the effects of pretreatment with glutathione on enhancement of the LD,,, of MB and the MB-induced changes in sleep-wakefulness and its circadian rhythms. Elimination rates of bromine from blood and brain were determined by the neutron activation analysis of bromine in the MB-treated rats. Since the present study employed subcutaneous (sc) administration, the LD,,, of sc-administered MB was determined and used to select the dose levels of MB for evaluation of its effects. Some aspects of the present results were published previously as a preliminary report.17) 
MATERIALS AND METHODS

Animals
LD50 determination
Each group of 9 rats was injected sc with a solution of MB-liquid paraffin at doses of 75, 100, 125, 150, 200 and 250 mg/kg b. wt. at 0800 h. Mortality incidence was observed for a week after the injections. The 50% lethal dose and its 95% confidence limits were calculated by Litchfield-Wilcoxon's method.18) Nine rats were injected sc with 135 mg MB/kg b. wt. 1 hr after they had been injected sc with glutathione at a dose of 750 mg/kg b. wt.
Electrode implantation
Twenty five 8-weeks old rats were implanted surgically with electrodes for EEG, EMG and EOG recordings.
Under pentobarbital anesthesia (40 mg/kg, i.p.), two stainless steel screws were implanted on the right frontal cortex (1 mm lateral to the midline and 2 mm anterior to the bregma) and the left parietal cortex (1 mm lateral to the midline and 4 mm posterior to the bregma Each of the electrode-implanted animals was housed in a recording box made of transparent plexiglass. A recording cable was connected from the head socket to a slipring swivel. This swivel permitted the rat to move freely in the recording box. Five recording boxes were placed in a sound-attenuated chamber where the environment was maintained under the same conditions as those in the animal colony described above. The rats were allowed 3 days to acclimatize to the recording environment. The EEG, EMG and EOG activities were recorded simultaneously with an EEG polygraph (Model 1A59, San-ei Sokki, Ltd.) at a paper speed of 0.1 cm/s.
The polygraphic recordings were made on Days 1, 3 and 5, on Days 1 and 3 and on Day 1 after sc injections of MB at doses of 45, 15 and 5 mg/kg b. wt., respectively. Control values were obtained by polygraphic recordings of the same rats for the same time period after an sc injection of liquid paraffin at a dose of 1 ml/kg b. wt. For the effect of the glutathione pretreatment, polygraphic recordings were made on Days 1 and 3 after an sc injection of MB at a dose of 45 mg/kg 1 hr following the sc injection of 750 mg glutathione/kg b. wt. The control values were obtained by polygraphic recordings on the same days after an sc injection of liquid paraffin 1 hr following the injection of glutathione. The MB or liquid paraffin was injected at 0800 h.
Abnormal EEG activities were checked by polygraphic recordings at a paper speed of 1 cm/sec for a 10-min period at every 1-hr interval during the first 12 hrs after sc injections of MB at two dose levels of 135 mg and 45 mg/kg b. wt. The parietal EEG activities during the first 12 hrs of the post-injection period at the same dose levels were submitted to power spectral analysis with a signal processor (Model 7T07, San-Ei Sokki, Ltd.) for the frequency range of 0.5-14 Hz at the 10-min intervals.
Classification of sleeping and waking states Wakefulness (W), non-REM sleep (NREMS) and REM sleep (REMS) were classified by visual inspection of the polygraphic records using the criteria described by Matsumoto et al.13) W was characterize dby low amplitude fast wave EEG in the frontal and parietal cortices (6-8 Hz), sustained tonic activity of EMG and enchanced EOG activity. NREMS was characterized by irregular slow wave EEG of large amplitude in both cortices (0.5-4 Hz) and progressive reduction of EMG tone and lack of EOG activity. REMS was characterized by low amplitude fast wave EEG in the frontal cortex (6-8 Hz), regular theta-like waves in the parietal cortex, lack of EMG tone, and fast EOG activity indicating rapid eye movement. Circadian rhythms of W, NRMS and REMS were expressed as diurnal distributions of bihourly amounts of time spent in W, NREMS and REMS.
Neutron activation analysis of bromine in blood and brain 
Statistical analysis
Bihourly amounts of W, NREMS and REMS after the injections of MB were compared with those of the same rats after the vehicle injection by the two-tailed paired t-test. Concentrations of blood and brain bromine in the MB-injected and the glutathione-pretreated rats were compared with those of the vehicle-injected rats by the two-tailed t-test. The 100% survival and 100% lethal doses were 75 mg/kg and 250 mg/kg b. wt., respectively. A total of 28 rats died: 27 within 24 hr and one on Day 4 after the injection. All 9 rats which had been pretreated with glutathione of 750 mg/kg b. wt. survived after the sc injection of MB at a dose of 135 mg/kg b. wt.
Power spectra of cortical EEG activity Figure 2 shows the power spectra of the parietal EEG activities in W and NREMS stages at 4 hr after sc injections of liquid paraffin (A-1 and B-1) and 135 (A-2) and 45 mg MB/kg b. wt. (B-2). In the rats injected with liquid paraffin, the power spectral profiles were characterized by dominant peak frequencies of 6-8 Hz in the W stage and 0.5-4 Hz in the NREMS stage. The injection of 135 mg MB/kg b. wt. slowed the dominant peak frequency from 6-8 Hz to 4-5 Hz in W stage (A-2). The slowed peak frequency was observed in all 5 rats. As shown in B-2, the 45 mg MB/kg b. wt. injection lowered the spectral densities of the delta-wave component (0.5-3 Hz) and elevated the densities in the higher frequency range up to 8 Hz during the NREMS stage for the first 12-hr post-injection. Visual inspection of the polygraphic records obtained at a paper speed of 1 cm/sec revealed that the spike-wave activity of the parietal EEG sporadically appeared in 2 of the 5 rats injected with 135 mg MB/kg b. wt. It is noteworthy that no significant alterations in the power spectral profiles of the parietal EEG activities in W and REMS stages and no abnormal EEG patterns such as spike-wave activity were observed after 45 mg/kg b. wt. injection.
Sleep latency
As can be seen by two sleep-wakefulness stage diagrams in Fig. 3 , the 45 mg MB/kg b. wt. injection produced initial suppression of REMS occurrence and subsequent facilitation of REMS episodes during the dark period. Table 1 MB/kg-injected rats with glutathione decreased the bihourly amounts of NREMS and REMS during the light period on Day 1 as compared to the pretreatment of the vehicle-injected rats with glutathione. However, the amounts of NREMS and REMS were significantly greater during the light period of Day 1 after the injection of 45 mg MB/kg b. wt. plus glutathione than after the injection of 45 mg MB/kg b. wt. only (Fig. 4-(A) ). The bihourly amounts of W, NREMS and REMS returned to the control values on Day 3, indicating recovery of the circadian REMS rhythm. This indicates that the glutathione pretreatment effectively reduced the MB-induced changes in sleep-wakefulness and its circadian rhythms on Day 1.
Bromine concentrations in brain and blood The present finding that all 9 rats pretreated with glutathione of 750 mg/kg b. wt. survived after administration of 135 mg MB/kg b. wt. is consistent with that of Kawai et al.28) who demonstrated that pretreatment with glutathione decreases the mortality rate of mice exposed to MB. Besides, the pretreatment with glutathione was found to lessen the detrimental effects of sc-administered MB on sleep-wakefulness and its circadian rhythms. Therefore, the present results can be taken to indicate that the glutathione pretreatment effectively reduces the acute MB toxicity. It was found in the present study that the biological half-lives of bromine in blood and brain were about 8.7 and 4.3 days, respectively. These values are consistent with those in blood, liver and kidney reported by Honma et al.9) More time was needed for elimination of bromine from blood and brain than for recovery from the MB-induced changes in sleep-wakefulness and its circadian rhythms. The biological half-lives and the maximum values of bromine in blood and brain of the 45 mg MB/kg b. wt. 
